■ INTRODUCTION
Colloids and polymers migrate in response to concentration gradients via diffusiophoresis, 1−4 which provides an important (but often overlooked) mechanism for micro-and nanoparticle transport within multicomponent solutions. In particular, surfaces that react, dissolve, or equilibrate naturally establish concentration gradients of various species and can enhance or retard the deposition of particles or polymers. In some cases, this deposition is intentionalfor example, in the growth of polymer films and other coatings 1, 5, 6 whereas in other cases it is undesired (e.g., contamination and fouling 7 ). Diffusiophoresis has also received recent attention for its importance to self-propelling particles 8−11 and active matter 12−14 as well as direct observations of exclusion zones around membranes 15 and diffusioosmotic "pumps" established by dissolving salt crystals. 16 In subsurface applications like oil recovery and environmental remediation, diffusiophoresis can play roles that are beneficial (e.g., enhancing surface wettability alteration, contaminant immobilization or hydrocarbon recovery) or detrimental (e.g., promoting the deposition and bridging of fine particles and therefore trigger pore clogging and formation damage).
Direct characterization of diffusiophoresis will be essential to predict, understand, and engineer the response of colloids in varying environments. Nonetheless, direct observation and measurement of diffusiophoresis has remained extremely challenging, since macroscopically imposed solution gradients that are strong enough to drive measurable diffusiophoresis often introduce density gradients that drive hydrodynamic instabilities. Unlike electrophoresis, for which commercial instruments are routinely used to measure the electrokinetic ζ-potential, no such capability exists for diffusiophoresis. Instead, diffusiophoretic mobilities have been extracted by measuring particle deposition onto membranes 2, 17 and transient migration in stopped-flow fluidic devices. 18 Recent advances in microfluidics, however, have enabled the direct visualization of diffusiophoretic migration, since the small dimensions of microfluidic devices are effective in suppressing buoyancy-driven instabilities. 19 Colloidal streams have been focused and spread using coflowing streams of varying salinity, 20, 21 and agarose-based microfluidic devices have been used to drive the diffusiophoretic motion of colloids and DNA under imposed salinity gradients. 22, 23 However, these methods have not yet been used to directly measure concentrationdependent diffusiophoretic mobilities, nor to measure the diffusiophoretic migration under nonelectrolyte gradients, which had been predicted theoretically 4, 24, 25 and verified experimentally. 18 Moreover, only one published report describes colloidal migration under solvent gradients (solvophoresis), 26 based on macroscopic measurements that tracked the turbidity in the vicinity of horizontal interfaces between miscible solutions as it developed over several days. 26 We have recently developed a method to impose local solute and solvent gradients within microchannels, which enabled the first direct microscopic visualization of solvophoretic migration. 27 To set up strong gradients within channels, we photopolymerize thin hydrogel membranes into so-called "microfluidic stickers" devices 28 made from the UV-curable optical adhesive NOA-81 (Norland), based on their superior solvent-compatibility compared with standard PDMS devices. Our method allows high-resolution velocity measurements of diffusiophoresis under diverse chemical gradients. In this work, we use this experimental system to perform quantitative measurements of the diffusiophoretic and solvophoretic mobilities of particles in both salinity and ethanol−water gradients. In particular, our system enables us to impose both the local concentration as well as the strength of the gradient and therefore to measure these phoretic mobilities under a variety of conditions. Our experiments in ethanol−water gradients, for example, reveal a previously unknown relation u SP = D SP ∇ ln X between the average solvophoretic velocity u SP and the ethanol mole fraction X by the mobility D SP .
Diffusiophoresis is the phoretic analogue of diffusioosmotic flow, which is driven along a stationary surface by a bulk concentration gradient. A solute with bulk concentration c ∞ and constant gradient ∇c ∞ gives rise to a bulk chemical potential gradient ∇μ ∞ = k B T∇ ln(c ∞ /c*) (Figure 1a ). Solute− surface interactions, such as van der Waals forces, excluded volume forces, or hydration forces, establish an excess solute concentration c s (x,y) in a thin "excess layer" that differs from that in the bulk via some excess c s = c − c ∞ . The concentration gradient puts an entropic force on the excess layer, resulting in body force f= −c s ∇μ on the fluid within the excess layer, and drives a diffusioosmotic slip flow. The diffusioosmotic velocity u DO of a charged particle in an electrolyte gradients generally has both electroosmotic and chemiosmotic contributions. The chemiphoretic slip is driven by concentration gradients within the double layer along the surface, giving a chemiosmotic slip that is directed down electrolyte gradients. The electroosmotic component results from asymmetric ion diffusivities and can be directed either up or down the electrolyte gradient. If the anion has higher diffusivity than the cation, then its tendency to "outrun" the cation establishes an electric field in solution, directed down the electrolyte concentration gradient (inset). This electric field drives particles into electrophoretic migration either up or down the electrolyte gradient, depending on the charge of the particle and relative ion diffusivities. (d) Diffusioosmotic slip along the surface of a colloid in an electrolyte gradient is gives rise to diffusiphoretic migration either up or down the gradient, depending on the sign of the electrophoretic contribution, and the relative magnitudes of the chemiphoretic and electrophoretic contributions.
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Diffusiophoretic migration is driven by the diffusioosmotic flow along the surface of a freely floating colloidal particle (Figure 1b) . The diffusiophoretic velocity under dilute, nonelectrolyte gradients, assuming zero Peclet number, was derived by Anderson and Prieve
with Boltzmann's constant k B , temperature T, viscosity η, concentration c, solute−surface interaction energy ϕ, characteristic length scale L for the excess layer, and (scaled) distance from the surface y/L. The integral gives the first moment of the excess solute distribution.
The most extensive studies have occurred for diffusioosmosis and diffusiophoresis within electrolyte gradients, for which two mechanisms arise. First, anions and cations with different diffusivities naturally establish electric fields as their gradients relax diffusively, which drive electroosmosis and electrophoresis along charged surfaces (Figure 1c,d) . Second, the osmotic pressure difference along the colloid surface also causes a "chemiphoretic" contribution to the diffusiophoretic velocity. The diffusiophoretic velocity in a binary electrolyte is given by the sum of these contributions 4, 29 
where the parameter β reflects differences in ion mobility
with ion diffusivities D ± and with permittivity ε, zeta-potential ζ, ion concentration c, and (arbitrary) reference concentration c*, assuming zero Peclet number and symmetric z:z electrolyte. The first term in eq 2 is the electrophoretic contribution which can be directed either up or down the gradient, and the second term reflects the chemiphoretic contribution, which is always directed up the gradient. Colloidal diffusiophoresis typically proceeds up electrolyte gradients but can in certain circumstances migrate down gradients 29 (e.g., Figure 7d ). Magnitudes for diffusiophoretic velocities may be more easily estimated by scaling the ζ-potential with the thermal potential
whereupon eq 2 can be expressed as
where
is the diffusivity of a sphere whose radius is given by the Bjerrum length
The Bjerrum length is approximately λ B ∼ 0.7 nm in water at room temperature, so that D B ∼ 350 μm 2 /s. Expressions for the diffusiophoretic mobility in multicomponent electrolyte gradients are also available. 30 The goals of this work are (1) to propose and validate a new experimental system for diffusiophoresis measurements under diverse chemical gradients and (2) apply the experimental system to study solvophoresis. We start with a discussion of the device fabrication, experimental setup, and data analysis method. Next, the diffusiophoretic velocity is measured in NaCl gradients, where we expect to see the u DP ∼ ∇ ln(c/c*) scaling described in eq 2 and observed in recent microfluidics experiments in agarose channels. 22, 23 This is followed with solvophoretic mobility measurements in ethanol−water gradients and experiments showing diffusiophoresis and solvophoresis in diverse chemical gradients. We conclude by discussing the implications of our results and future directions for this new experimental platform.
■ METHODS
Device Fabrication. A three-channel device was used to impose concentration gradients across colloidal solutions ( Figure 2a ). The channels were fabricated in microfluidic stickers devices 28 as described previously. To aid in hydrogel membrane fabrication, the channel hydraulic resistances were matched 31 which prevented PEG-DA solution from building up in unequal amounts in the device inlets, causing stray hydrostatic flows during cross-linking. The dimensions of each of the three channels were 1 cm long × 150 μm wide × 10 μm deep.
Hydrogels were prepared using the "hydrogel membrane microwindow (HMM)" procedure described previously. 27 This method allows strong gradients to be established perpendicular to and entirely within the imaging plane, and the small channel dimensions suppress the hydrodynamic flows and instabilities often associated with strong concentration gradients. Although the transmembrane flow velocities arising with HMMs prepared in that work were already quite small small (u P ≲1 μm/s), the diffusiophoretic migration measured in the present work (u DP ∼ 1 μm/s) can be slow enough that even smaller transmembrane flows are required. We reduce such transmembrane flows by increasing the thickness of each hydrogel membrane to ∼100 μm.
Freshly prepared PEG M -diacrylate (PEG-DA, M = 400 g/mol, Polysciencies Inc.) were mixed using 95% v/v PEG-DA and 5% v/v photoinitiator (2-hydroxy-2-methylpropiophenone, Sigma-Aldrich). (a) Solution gradients across a central sample channel are established using a three-channel microfluidic device, wherein distinct reservoir solutions ("green" and "blue") were maintained adjacent to hydrogel dialysis membranes via constant flow in the left and right "reservoir" channels. (b) Close-up of sample analysis region, showing gels that have been photopolymerized into well-defined gaps in the (impermeable) walls between reservoir and sample channels. The PEG-DA hydrogel membranes provide strong resistance to transmembrane flow yet enable the diffusive transport of solute and solvent between the reservoir and sample channels, allowing a steady gradient to be imposed. Phase contrast, scale bar: 50 μm.
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The UV lamp was set to 30 mW/cm 2 (measured at an empty objective slot). The 500 μm wide photomask slits were inserted into the microscope and aligned as described previously. The PEG-DA solution was injected until NOA-81 channels were filled, then the syringe was disconnected, and 2 min was allowed for flows to relax. A 40 ms exposure was then used for each hydrogel. Finally, the channels were rinsed with DI water for at least 5 min. The procedure resulted in hydrogels that were 70−100 μm wide (Figure 2b) . No trans-HMM flows were observed, which was verified by placing DI water in all channels (with colloids in the center channel), setting all inlets to the standard operational pressure (described below), and recording colloid motion in the center channel over several minutes.
Experimental Method. Figure 3 summarizes the experimental setup. Experiments were performed using an inverted microscope (Nikon TE2000U). The main experimental challenge is to rapidly stop flow in the center channel (in order to initialize the gradient). To accomplish this, the inlet and outlet tubing must be brought to exactly the same hydrostatic pressure without introducing bubbles into the tubing. 32 Bubbles also must be fully eliminated from the center channel to avoid flows driven by capillary pressure.
Solutions were prepared and placed in vials with septa. The center solution contained 0.1 wt % 1 μm diameter fluorescent particles (Bangs Laboratories FS03F). To control the pressure of the vials, tubing was connected from precision air pressure regulators with digital pressure gauges. The septum was punctured with syringe needles, which were connected with Luer Lock connections to Tygon microbore tubing (0.02 in. i.d. × 0.06 in. o.d., Cole-Parmer). The center channel inlet tubing had a metal pin inserted in the middle, where the tubing could be easily removed.
Initially, channels were filled by pressurizing each inlet to 500 mbar (Figure 3a) . After filling the middle channel, it was carefully checked for bubbles, which tend to stick at the low-pressure outlet of the microchannel. If bubbles were present, the pressure at the middle channel inlet was increased to 1 bar and the outlet tubing was pinched shut with a tweezers to bring the entire channel to high pressure. The tubing was held shut until the bubbles dissolved, which could take several minutes.
After the outlet tubing had been filled, it was placed into a beaker reservoir containing the same buffer solution as the center channel. Then, the metal pin in the inlet tube was submerged in the beaker reservoir. The pressure supply to the center channel was decreased to 20 mbar, and the pressure supply to the outer channels was decreased to 150 mbar. The focus was adjusted to the center of the channel using a 20× ELWD objective (NA = 0.45). The video recording was started (Andor iXon 885 fluorescence camera), and the metal pin was removed from the inlet tubing while submerged underwater ( Figure  3b ) to rapidly stop the flow. The pressure to the center channel vial was turned off to prevent leakage, and the tubing was raised above the vial to allow drainage. Flow velocity along the center channel could typically be reduced to 0.1−2 μm/s using this method.
In each experiment, videos were recorded with 0.1 s exposure times for 100 s. Figure 4a shows a superposed image of the motion of colloidal particles under an ethanol−water gradient.
Data Analysis. Velocity Measurement. Microparticle image velocimetry (μ-PIV) was used to measure the velocity profile from the recorded image sequences (Figure 4b) , with 10 μm depth of correlation. 33, 34 The movies contained a brief transient immediately after flow stoppage. To obtain the steady state velocity, PIV was performed only on the frames at least 5 s after flow stoppage. The initial frame was chosen by this method. The final frame was set when beads became depleted across half the channel width. The analysis was performed on the channel half where beads were steadily present (x > 0 in Figure 4) . A steady profile was confirmed by plotting the profile for various earlier and later increments. The channel was broken into 64 × 128 pixel interrogation regions with 75% overlap. An average image was subtracted from each image before performing the correlation. The resulting velocity field was averaged over the middle four points in y (corresponding to the central third of the gradient region), giving an average profile in x (Figure 4c) .
Gradient Calculation. The concentration gradient depends upon the channel geometry and solute diffusivities. An imposed concen- Further analysis is performed using a smaller region (green box) that is selected to better capture regions with nearly unidirectional gradients and to ensure sufficient particle concentrations throught the video. In particular, velocities are analyzed only on the side of the channel toward which particles migrate. Only the central third (L m /6 < y < L m /6) of the gradient region is analyzed to reduce two-dimensional "fringing" fields near membrane edges and to capture a more closely one-dimensional gradient. (c) The velocity field within the green box is averaged across the y-direction and plotted along the gradient. 
Here R tot is the sum of the channel R ch and membrane R m resistances
assuming that R m is independent of concentration. The resistances are given by
with channel width w ch , membrane width w m , bulk diffusivity D, and membrane diffusivity D m . Near the center of the membranes, the concentration profile can be assumed one-dimensional, and the steady profile is then
where c L and c R are the concentrations in the rapidly flowing left and right channel, respectively. The effective membrane diffusivity for NaCl in PEG-DA membranes can be found in the literature (2.6 × 10 −10 m 2 /s, or D/ D m = 6.2, noting that this measurement was performed at 35 mM NaCl and using a slightly longer 13 monomer PEG chain, 35 but we assume it will serve as an adequate first approximation).
In ethanol−water solutions, the diffusivity in PEG-DA gels is not available in the literature. An estimate for this value is derived by assuming that both NaCl and ethanol diffusion obey the equation
with void fraction ε and tortuosity τ. ε and τ are assumed to be independent of species such that D/D m is assumed to be the same for ethanol and NaCl. Although the void volume may be slightly higher for the uncharged, smaller ethanol molecules, this assumption serves our purposes of calculating a first approximation of the mobility.
■ RESULTS AND DISCUSSION
Salt Diffusiophoresis: NaCl Gradients. Figure 5a shows the steady velocities measured for NaCl gradients. The middle channel concentration c mid was varied between 0.5 and 10 mM, and concentration drop Δc = c R − c L was varied between 1 and 20 mM. The measured velocities span a range of −0.2 to −0.8 μm/s and were directed toward higher NaCl concentration in the left channel. The velocity profiles were nearly uniform across the channel; at the lowest NaCl concentrations, the velocity varied by up to 0.1 μm/s across the channel. A general trend of higher velocity at lower concentration and higher gradient strength is clear.
We first investigate whether our measurements for NaCl diffusiophoresis show the expected concentration dependence. Diffusiophoretic velocities in electrolyte gradients are expected to obey eq 2, giving
where D DP is the diffusiophoretic mobility and includes both the electrophoretic and chemiphoretic contributions. 23 Our strategy will be to define a concentration-dependent mobility
If the velocity measurements all collapse onto a single D C (c) curve, the velocity is indeed proportional to the gradient. For verifies the logarithmic dependence of u in eq 14. Solvophoresis: Ethanol Gradients. Next, the experimental system was used to measure solvophoretic velocities. The midpoint concentration c mid of ethanol was varied between 2.5 and 14.6 M in water (5−70 mol % EtOH), and concentration drop Δc was set to either 5 or 10 M. Higher ethanol concentration was on the left and migration was observed to the right, toward lower ethanol concentration. Figure 5c shows the velocity profiles measured for each combination of c mid and Δc. Measured velocities ranged from 0.5 to 2.0 μm/s, with velocity profiles that were somewhat nonuniform across the channel. Higher velocity was observed for larger gradients and lower ethanol concentration.
A clear relation was obtained when plotting the diffusiophoretic mobility against mole fraction X (rather than concentration) Figure 5d shows the mobilities computed using eq 17.
Mobilities measured with distinct concentration drops Δc = 5 and 10 M collapse onto a single curve, confirming that U SP ∝ ∇X. Moreover, the solvophoretic mobility D X exhibits a powerlaw dependence D X ∼ X −1.06±0.06 on ethanol mole fraction. The solvophoretic velocity can therefore be described by
One might understand the dependence of these phoretic mobilities D DP (eq 14) and D SP (eq 18) on ∇ ln(c/c*) or ∇ ln X, rather than ∇c and ∇X, in terms of the driving forces within the solution. Solution gradients naturally give rise to gradients in the chemical potentials of the solute or solvent molecules, which often have the form μ ∼ k B T ln(c/c*) or μ ∼ k B T ln X in the ideal limit. Solute/solvent molecules in solution gradients thus experience thermodynamic driving forces f ∼ −∇μ ∼ −k B T ∇ ln(c/c*) or −k B T ∇ ln X, which in turn drive the diffusio/solvophoretic migration. The EtOH/water mixtures in the present experiments are known to be nonideal, with partial molar volumes that change with composition. The consequences of these and other nonideal and multicomponent phenomena must be explored in developing a more fundamental understanding of solvophoresis. Although eq 18 predicts the average velocity for a given experiment, the equation could not predict the individual velocity profiles. Measured mobilities slope in a direction opposite to the fit line, as was also observed at low ionic strengths for NaCl. This could be due to electrostatic interactions because of the small ionic strength of the ethanol−water solutions. Figure 6b plots mobilities ⟨D X ⟩ and ⟨D C ⟩ averaged for each experiment against the concentrations X mid and c mid in the middle of the channel, with power-law fits that are consistent with those derived for D X and D C . The large error bars in ⟨D X ⟩ for ethanol arise primarily from the velocity spread in each experiment. Irrespective, a clear trend in D X is evident.
Diffusio/solvophoretic mobilities D DP and D SP can be extracted from these measurements using eqs 14 and 18 and are shown in Table 1 . Figure 6a shows the plots used to determine these mobilities. Moreover, the diffusiophoretic mobility may be related directly to the colloidal ζ-potential, via eqs 2 and 5, revealing a diffusiophoretically measured ζ-potential of ζ ∼ −43 ± 5 mV, which is broadly consistent with the −59 ± 16 mV values measured electrophoretically using a Zetasizer Nano (Malvern Instruments).
Diffusiophoresis in Diverse Chemical Gradients. While we have focused our quantitative measurements on diffusiophoresis in electrolyte gardients and solvophoresis in ethanol gradients, the technique presented in this paper can easily be adapted to a wide range of solute and solvent gradients. Figure  7 shows qualitative experiments in a variety of other solution gradients. PS particles migrate down gradients in solutions of the water-miscible alcohols isopropanol (Figure 7a , with c mid = 2.5 M and Δc = 5 M) and n-propanol (7b, with c mid = 2.5 M and Δc = 5 M), just like in ethanol gradients. Gradients of solvents with finite solubility can also be imposed, with Figure  7c showing diffusiophoresis down n-butanol gradients (with c mid = 425 mM and Δc = 650 mM). Figure 7d shows PS colloids to migrate down gradients in the electrolyte KIO 3 (c mid = 0.5 mM and Δc = 1 mM), which is opposite the direction in the vast majority of electrolytes. In this case, the diffusivity of the K + anion is higher than that of the IO 3 − anion, so that the electro-diffusiophoretic and chemi-diffusiophoretic components of eq 2 are oppositely directed. Moreover, the electrodiffusiophoretic component exceeds the chemi-diffusiophoretic component 29 and therefore drives colloids down the ionic strength gradient. Finally, Figure 7e shows diffusiophoretic migration in a nonelectrolyte gradient (sucrose, c mid = 0.5 mM and Δc = 1 mM), wherein PS colloids migrate up the sucrose gradient.
■ DISCUSSION AND CONCLUSION
The experimental system described here enables the direct visualization of diffusiophoretic migration under diverse chemical gradients. This was applied to measure the velocity under NaCl and ethanol concentration gradients and compute the resulting mobility. The diffusiophoretic velocity in NaCl gradients showed a u ∼ ∇ln(c/c*) dependence, as expected from theory and literature. The solvophoretic velocity was found to obey a u ∼ ∇ln X dependence.
Although we have assumed that the colloidal migration visualized here reflects diffusiophoresis alone, diffusioosmotic flows (DOF) might also be driven within the channel by solution gradients, whether established along channel walls or within the hydrogel membranes. Such DOF would contribute to the migration velocity measured for the beads and would be (erroneously) interpreted as contributing to diffusiophoresis. Despite this possibility, we do not believe DOF contributes significantly in our experiments. Unless the total diffusioosmotic flux through the membrane were identical to that along the walls, a pressure-driven backflow would necessarily arise to ensure mass conservation. Such pressure-driven backflows would introduce a (parabolic) component to the velocity profile across the depth of the channel (as would occur with electroosmosis, as shown in Supplemental Video 5 in ref 27) . Particle motion, however, is measured to be very nearly uniform across the channel height, suggesting that diffusioosmosis does not contribute significantly to our measured mobilities.
Osmotic pressure differences may also exist between the two solutions separated by the hydrogel membrane, which could drive an osmotic flow through the gel. As a first approximation, the osmotic pressure of a solution scales inversely with the molar volume of the solution, which here often implies that osmotic pressures are larger for larger water mole fractions. In the paradigmatic case of a semipermeable membrane, osmotic pressure differences drive water to flow toward the less dilute solution. The situation is more complicated in the solvophoresis experiments presented here, since the hydrogel membrane is permeable to both species in the binary solutions on either side. Nonetheless, we would expect osmotic pressure differences to drive water (and thus flow) toward lower water concentrations, which would in turn advect colloids toward lower water concentrations. By contrast, we generally observe colloids to move down solvent gradients. Finally, any putative osmotic pressure-driven flow would introduce a parabolic contribution to the colloidal velocity profileas would occur for DOFwhich is absent in our measurements.
Many measurements described here used deionized water in one reservoir channel to act as a "sink" for the solute/solvent introduced in the other. Water absorbs atmospheric carbon dioxide, forming a weak carbonic acid solution. Typical DI water has pH 5.5−6 and typically contains 1−5 μM of carbonate ions, which are not treated in our analysis. 37 Our results would thus be suspect anywhere that this (unknown) carbonate concentration comprised an appreciable fraction of the solute in solution. This is never the case in any experiments reported here: the hydrogel membranes are thick enough that the concentration everywhere within the sample channel is of order c mid , which is of order 10 3 higher than the carbonate concentration. We opted against buffering the solutions described here, as this would require ∼10 mM buffer concentrations that would overwhelm most of the gradients we sought to impose. Similarly, we used water to act as a sink for the solvent to avoid multicomponent coupling of solvent and buffer (or electrolyte) fluxes in our solvophoresis experiments. Langmuir XXXX, XXX, XXX−XXX
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The experimental system shown here can measure diffusiophoretic mobilities for a wide variety of particles, in a wide variety of solutions. We envision this technique will provide a versatile new tool for the characterization and manipulation of colloids, much like electrophoretic mobility measurements are now routinely used to measure ζ-potentials for colloids of different sizes or surface chemistries in solutions of different composition. Such direct measurements should enable mechanisms for solvophoresis to be hypothesized and tested, as has recently occurred with experimental and theoretical studies in thermophoresis. 38, 39 Kosmulski and Matuevi originally hypothesized that hydration gradients along the colloid surface drive solvophoretic migration, 26 but other forces could also arise in multicomponent mixtures. We have identified various mechanisms that could be responsible for the solvophoretic migration observed here. Solvent/surface interaction forces (e.g., hydration/solvation or van der Waals) could give rise to an adsorption layer, as computed in eq 1. In any multicomponent mixture, gradients of one species may drive the flux of another; e.g., solvent gradients may drive electrolyte fluxes (and therefore diffusiophoresis in the electrolyte gradient). Surface charge density may depend on local solvent composition (e.g., surface acid groups may reprotonate with increasing EtOH fraction). Because electrical permittivity depends on solvent composition, solvent gradients establish nonuniform screening lengths λ D along the particle surface, which would also drive migration.
A more general understanding of such mechanismsboth theoretical and experimentalwill be required for the conceptual design and engineering of particles that migrate solvophoretically in a prescribed fashion. The manipulation and migration of such engineered particles could benefit a number of subsurface energy harvesting and environmental applications. For example, naturally occurring or induced chemical gradients can be utilized to drive the phoretic migration of naturally occurring or engineered nanoparticles to target regions for beneficial alterations or to autonomously seek out regions rich in particular components.
This experimental work has unveiled the functional dependence of the solvophoretic velocity on concentration and gradient strength, which was enabled by the improved accuracy granted by direct visualization. The groundwork has been laid for future studies using salt, surfactant, polymers, and various colloidal systems to develop an enhanced understanding of solvophoresis as well as other types of diffusiophoresis using novel chemistries.
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